A gene encoding a novel secreted protein in mice, humans and zebrafish was identified, and named Neucrin. Mouse Neucrin consists of 343 amino acids with a cysteine-rich domain in its carboxyl terminal region. The positions of ten cysteine residues in the cysteine-rich domain are similar to those of Dickkopfs (Dkks), secreted Wnt antagonists. However, whereas Dkks have two cysteine-rich domains, Neucrin has only one. Neucrin as well as Dkks bound to LDL receptor-related protein 6 and inhibited the stabilization of cytosolic -catenin, indicating that Neucrin is an antagonist of canonical Wnt signaling. Mouse Neucrin expression was not detected in any major tissues in the adult, but was detected in developing neural tissues, including the brain and spinal cord. The expression pattern of Neucrin is distinct from that of any Dkk. Neucrin is a unique secreted Wnt antagonist that is predominantly expressed in developing neural tissues.
primers (5' primer / 3' primer): mouse Neucrin, 5'-gacagggagagccaatggca-3' / 5'-caccaactagggcactagatgt-3' (1058 bp fragment); mouse Gapdh [10] .
In situ hybridization. Section in situ hybridization was preformed using mouse embryos as described [10] . An Brorin-IgG, fz8CRD-IgG, or LRP6N-IgG in CM was conjugated with Protein A Sepharose beads (GE Healthcare). After one wash with PBS/0.3M NaCl and three washes with PBS, the beads were incubated with CM containing Neucrin-Myc at 4˚C overnight, washed with PBS/0.3M NaCl four times, and then boiled for 5 min in gel loading buffer.
The elutes were examined by Western blotting.
-catenin stabilization assay. 293T cells were grown in 35-mm wells in DMEM containing 10% FBS and were ~80% confluent at the time of the assay. Cells were washed twice with serum-free DMEM and incubated at 37˚C with 1 ml of CM containing 
Results

Identification of mouse and human Neucrin
We identified mouse embryonic cDNAs encoding novel putative secreted proteins by analyzing amino acid sequences predicted from mouse cDNAs of unknown function in the nucleotide sequence database with a computer program for the prediction of protein localization sites in cells (PSORT). The full-length cDNAs were isolated by PCR with mouse embryonic cDNA as a template. One of them encodes a putative secreted protein of 343 amino acids with a putative signal sequence (24 amino acids) at its amino-terminus (GenBank TM accession code AB301918) (Fig. 1A) . We termed it Neucrin (neural tissuespecific cysteine-rich protein), as it was predominantly expressed in mouse embryonic neural tissues as described below. Neucrin has a cysteine-rich domain in its carboxyl terminal region (Fig. 1A) . Positions of ten cysteine residues in the cysteine-rich domain are similar to those in the second cysteine-rich domains of members of the Dkk family, although the amino acid sequence of the domain is less similar to that in Dkks (Fig. 1B) .
Outside of the cysteine-rich domain, Neucrin is unique with no primary structural similarity to any known proteins including Dkks.
Human Neucrin cDNA (AB301919) was also identified in a homology-based search of human cDNA sequences in the nucleotide sequence databases with the amino acid sequence of mouse Neucrin. The amino acid sequence of human Neucrin (349 amino acids) is highly similar (~76% identity) to that of mouse Neucrin (Fig. 1A) .
Forced expression of mouse Neucrin in cultured cells
To examine whether Neucrin is a secreted protein, mouse Neucrin cDNA was expressed in cultured cells. CHO-S cells expressing mouse Neucrin protein with a Myctag were created. The Neucrin CHO-S cells were cultured for 72 h. No bands were detected in either the lysate or culture medium of control CHO-S cells (Fig. 1C) . A major band of ~48 kDa was detected in the lysate of the Neucrin CHO-S cells. The observed molecular mass was larger than the calculated molecular mass of the recombinant Neucrin protein (~38 kDa). A major band of ~58 kDa with some minor bands of 52~31 kDas was also detected in the medium, indicating that Neucrin is a secreted protein (Fig. 1C) . The molecular mass in the medium was larger than the molecular mass in the cell lysate, indicating that Neucrin protein might be subjected to post-translational modification during the secretion process. Neucrin has a potential glycosylation site at amino acid position 258 (N). Neucrin also has several dibasic sites that might be subjected to proteolytic processing (Fig. 1A) .
Expression of Neucrin in mouse embryos and adult tissues
Neucrin expression in mouse adult tissues (postnatal day 49, P49) was examined by RT-PCR ( Fig. 2A) . Neucrin expression was not detected in any adult tissues examined.
However, it was significantly detected in embryos at embryonic day 13.5 (E13.5). The spatial expression pattern of Neucrin in mouse embryos at E13.5 and E18.5 was also examined by in situ hybridization. The expression of Neucrin, shown by red grains, was predominantly detected in the developing neural tissues including the brain and spinal cord (Fig. 2C, E) . In contrast, essentially no grains were detected in these regions with the sense probe as a control (Fig. 2D, F 
